Twelve enzyme systems were investigated by polyacrylamide gel electrophoresis in a population of diploid sexual Taraxacum hybrids. The genetic basis of isozyme bands was found by analysis of progeny phenotype segregation. Nine monomorphic and seven polymorphic loci were identified. Esterase isozymes could not be assigned to single Mendelian genes. The high level of heterozygosity found is related to the breeding system of the population.
INTRODUCTION
The fundamental importance of breeding systems in determining genetic variation in plant populations, and the variety of reproductive strategies occurring in different plant species, have been emphasised by Lewontin (1974) , Brown (1979) and Hamrick et a!. (1979) .
The genus Taraxacum is of particular interest in this context as it consists of closely related taxa with widely different breeding systems. There are about 2000 named species in the genus, 90 per cent of which are polyploids that reproduce asexually by obligate agamospermy. A small proportion of polyploids also produce some haploid ovules and are therefore facultative apomicts (Richards, 1970; Muller, 1972; Jenniskens, 1984) . The majority of the 10 per cent diploid species which reproduce entirely sexually are obligate outcrossers; the remainder, a few relatively primitive species, are also capable of self-fertilisation.
Until recently it had been considered that diploid species in Europe occurred rarely and were confined to central and southern relict sites (Fürn-kranz, 1960 (Fürn-kranz, , 1961 (Fürn-kranz, , 1966 Muller, 1972) . It is becoming apparent however from the work of Dutch taraxacologists (den Nijs and Sterk, 1980, l984a, b; Sterk eta!., 1982; Jenniskens, 1984) that sexual species are widespread in their distribution throughout France, Germany, Switzerland and as far north as the Netherlands. It has also been shown that sexual and agamospermous reproduction can co-exist within the same "agamospecies". Not only does this have profound implications for the microsystematics of the genus, it also indicates that there may well be a flow of genetic information between agamospermous and sexual individuals.
In addition, there is a growing body of evidence that variation is generated by apomicts at a rate greater than that of background mutation. Genetic variation and adaptation have been shown to occur in parthenogenetic animals and apomictic plants (Asker, 1979) . Mogie (1982) has demonstrated that individuals within obligately agamospermous Taraxacum species are not genetically identical and that the morphological and biochemical variation may be adaptive. Mogie and Richards (1983) suggest on karyological evidence that all 22 agamospecies in one section of Taraxacum (Hamata) have arisen asexually.
As a preliminary to a comparative study of the genetic variation associated with the four breeding systems of Taraxacum, an investigation was made into the inheritance of isozymes in material from a diploid population. As formal genetic analysis is not possible with apomictic plants, it is hoped that the establishment of the genetic basis of isozyme loci in diploid sexual species will enable analagous loci in polyploid apomicts to be iden- identified by AiR as Taraxacum alacre v. Soest, T. hrevfloroides v. Soest and hybrids between these two species, and were found to be diploid (Mogie 1982 ) and self-incompatible (no seed was set in insect-free conditions in the absence of crossing).
Crosses were made between individuals selected on the basis of observed esterase patterns, by rubbing together fully opened capitula, and 70 offspring were grown to maturity for genetic analysis. The enzymes listed in table I were investigated on polyacrylamide gels with discontinuous nondissociating buffer systems, using enzyme specific stains to visualise the resulting zymograms (Scan- Table 2 is a diagramatic representation of the observed phenotypes of the parental and F1 generations, together with R1 values of the bands. Fig.  I shows some of the gels upon which the diagram is based. Where more than one isozyme per enzyme occurs, the groups, of bands are numbered according to increasing distance from the anode. There were areas of enzyme activity associated with several of the enzyme systems which were not well defined under the electrophoretic conditions applied. Only bands which resolved clearly and unambiguously have been considered in the following analysis.
No variation was observed in the single bands of ME, 61'GDH-l, GD!-!, CAT, SOD-2 and SOD-3. It is therefore assumed that these isozymes are (see table 2) each controlled by a single monomorphic locus in this population. The non-segregating multiplebanded invariant patterns of IDH, GOT-2 and GOT-3 are also considered to result from monomorphic loci and may be due to gene duplication followed by mutation, to post-translational modification leading to secondary isozymes, or to aggregation or proteolysis during extraction and electrophoresis (Harris, 1969 was not used as a parent for the F! generation. A straightforward genetic interpretation cannot be applied to the complex esterase zymograms, as the banding patterns in the offspring were not always compatible with those of the parents. In spite of consistent and clear resolution of bands for individual plants, progeny zymograms may show bands that are absent in the parents, or lack hands that are clearly present in the parents. Only one band has appeared in all individuals; this is designated EST-4 and is presumed to be controlled by a monomorphic locus. Three groups of bands can be explained by assuming a high proportion of null alleles. EST-l and EST-3 have a single active allele and a null allele; EST-2 has a null allele and two closely migrating active alleles which appear in the heterozygote as a single thick band.
Parental individuals heterozygous for the null allele were inferred from the phenotype of the progeny. The heterozygosity values for EST in table 1 are based on individuals used in crosses only, as null-heterozygotes cannot be identified in the rest of the sample. The x2 values for observed and expected progeny phenotypes of crosses involving these loci are consistent with such an interpretation, but depend upon high frequencies for the null allele at each locus. Minimum frequencies, calculated for the sample from homozygous null individuals only, are 018, 021 and 011 for EST-1, EST-2 and EST-3 respectively. Null alleles do not generally occur at high frequencies in natural populations (Rick and Fobes, 1975) . Even if this interpretation of part of the EST zymograms is correct, the three EST loci with null alleles are of little value as genetic markers in studies of variation, as heterozygotes cannot be readily identified. The difficulty we found in resolving the heritability of the EST isozymes shows that it is important for enzyme systems to be subjected to genetic analysis when used in evolutionary studies.
It indicates that simple "band counting" is an inadequate method of estimating variation.
The present isozyme survey of 12 enzyme systems has resulted in the identification of 16 loci, 44 per cent of which are polymorphic, with four tentative EST loci in addition. The small sample size, and the limitations of electrophoresis as a means of detecting total genetic variation, particularly in this instance where unresolved enzyme activity has been ignored, do not allow an accurate estimation of the total genetic variation in the parental population. It is clear from table 1, however, that the amount of variation within the sample is considerable. The heterozygosity level, calculated over both polymorphic and monomorphic loci, is 0l9. This exceeds the mean for allozyme variation in predominantly outcrossing plants given by Selander (1976) Larger samples from other French hybrid populations have since been established, and should confirm whether or not such high levels of heterozygosity are generally to be found in diploid Taraxacum populations. Preliminary isozyme surveys of agamosperms from the same section of the genus Taraxacum as the sexual plants analysed here, indicate very similar handing patterns. This confirms a close evolutionary relationship. Valid extrapolation of the genetic basis of isozyme loci from the sexual diploids to the apomictic triploids should therefore be possible. This would allow a comparison of the genetic variation associated with both groups to he made.
